ABSTRACT Experiments were conducted to evaluate the effects of five commercial processing systems and to a lesser extent, processing temperature within system, on protein quality of feather meals (FM). Two hog hair meals (HH) were also evaluated. True digestibilities of AA were determined with a 48-h excreta collection assay using cecectomized cockerels. Protein efficiency ratio (PER; grams of gain:grams of CP consumed) was determined with chicks by feeding Met-fortified 15% CP diets containing a FM or HH as the sole source of dietary protein. The six FM samples averaged 88.7% CP, 1.99% Lys, 4.83% Cys, and 0.71% Met on a DM basis. For HH, these values were 92.6, 2.78, 3.76, and 0.85%, respectively. True digestibilities of amino acids and PER of the FM varied among processing systems (e.g., lysine digestibility range was 58 to 72%, PER range was 0.71 to 1.13). Increasing the temperature during processing had no significant effect on protein quality of one FM and one HH. Digestibilities of AA in the FM water-soluble fraction collected after cooking were higher than those in the insoluble fraction. True amino acid digestibility coefficients for FM were higher than those for HH, whereas the PER of several FM were lower than those of HH. The latter response was probably due to the higher Lys content in the HH. The results of this study suggested that type of commercial processing system or conditions can affect the protein quality of FM.
INTRODUCTION
Because of the large growth of the poultry industry, a great quantity of feather meal (FM) is available for use in animal feeds. Although FM is deficient in several amino acids, such as Met, Lys, His, and Trp (Baker et al., 1981) , it is high in protein and Cys and its price is relatively low. Thus, FM has potential to be an important protein source for animal production. However, the variability in protein quality of FM is one of the most important concerns regarding its use in poultry and livestock rations. Feather meal may vary greatly in nutrient composition (Papadopoulos et al., 1985) and nutrient bioavailability (Sullivan and Stephenson, 1957; Naber et al., 1961; Papadopoulos et al., 1985) . Type of processing has been reported to be one of the primary factors influencing FM protein quality (Papadopoulos et al., 1985; Papadopoulos, 1987; Latshaw, 1990) . However, research studies on FM processing have generally evaluated experimental or laboratory processing conditions, not commercial processing systems or conditions. It is of interest to know whether the protein quality of FM is markedly influenced by type of commercial processing system. Therefore, the objective of this study was to evaluate the effects of commercial processing systems, and to a lesser extent temperature within processing system, on in vivo protein and amino acid quality of six FM. In addition, two commercially processed hog hair meals (HH), which also contain high amounts of keratin protein, were evaluated as a comparison to FM.
MATERIALS AND METHODS

Feather Meals and Hog Hair Meals
Six FM and two HH meals were obtained from various companies using different commercial processing systems, temperatures, and cooking times. The FM contained feathers only and the feathers were from broiler chickens. The description of the processing conditions for the FM and HH is presented in Table 1 . The processing systems (hydrolyzer/dryer) were (in random order): Batch/Heil; Batch/rotary; Atlas/Atlas; Griffin/tube; and ANCO/ Stord. The first two FM (1 and 2) and the two HH were each prepared in the same processing plant at two different processing or drying temperatures on the same day, so that raw material composition of each pair of products was similar. The other FM (3 to 6) were prepared in different plants with different processing systems. Provided information on cooking and drying temperatures and times was incomplete in some cases. However, cooking temperature and time were probably in the range of 150 to 160 C for 15 to 20 min for all systems. Temperature and time in the dryer were much more variable than those for the cooker, with time in the dryer varying from 30 to 240 min and dryer temperature varying from 56 to 110 C. After the initial digestibility evaluation of FM 1 to 6, a second digestibility assay was conducted to further evaluate FM6. The FM6 had been obtained from a plant that had removed the water-soluble fraction (WSF) of the FM immediately after cooking or feather hydrolyzation. Because this procedure was not used for FM 1 to 5 and there is no published information on the AA content or digestibility of the WSF, an additional sample of FM6 and its WSF were obtained and evaluated for AA digestibility and TME n . The WSF from feather hydrolyzation was concentrated to 38% solids after collection and then was spray-dried with an inlet temperature of 200 C and outlet temperature of 118 C.
Crude protein of all FM and HH samples was determined by the micro-Kjeldahl method according to the procedures of the Association of Official Analytical Chemists (AOAC, 1980) . Amino acids were analyzed by ion-exchange chromatography (Spackman et al., 1958) following hydrolysis of samples in 6 N HCl for 24 h at 110 C. Analyses of Met and Cys were performed separately after performic oxidation (Moore, 1963) . In addition, lanthionine concentrations were analyzed on nonoxidized samples. 2 Balance Assay for True AA Digestibility and TME n Single Comb White Leghorn cecectomized roosters, 36 wk of age, were used. Cecectomy was performed according to the procedure of Parsons (1985) when the birds were 20 wk of age. The birds were housed in an environmentally controlled room and kept in individual cages with raised wire floors and subjected to photoperiod of 16 h light and 8 h dark daily. Feed and water were supplied for ad libitum consumption before the start of the experiment. Following a 24-h period without feed, four roosters were given 30 g of a FM or HH via crop intubation. A plastic tray was placed under each cage and excreta were collected quantitatively for 48 h after crop intubation. Endogenous dry matter, N, and AA excretion were measured from birds that were deprived of feed throughout the assay. The excreta were freeze-dried, ground, and N, AA, and gross energy concentrations were determined according to the procedures described previously. True digestibility of AA were calculated according to the method of Sibbald (1979) and TME n by the method of Parsons et al. (1982) . As mentioned earlier, two balance or digestibility assays were conducted. The original six FM samples were evaluated in the first assay. A second sample of FM6 and the WSF obtained after cooking/ feather hydrolyzation were evaluated in the second assay.
Chick Assay for Protein Quality
One-week-old female chicks from the cross of New Hampshire males × Columbian Plymouth Rock females were used. All chicks were housed in thermostatically controlled starter batteries with raised wire floors. Feed and water were consumed ad libitum, and light was provided 24 h daily. The chicks were fed a 23% CP cornsoybean meal pretest diet during the 1st wk posthatching. After an overnight period without feed, the chicks were weighed, wing-banded, and triplicate groups of six chicks were assigned to each dietary treatment as described by Sasse and Baker (1973) .
Dietary treatments consisted of a N-free basal diet (Willis and Baker, 1980) or 15% CP Met-fortified diets in which one of the FM or HH was the only source of protein.
The FM or HH replaced some of the cornstarch and dextrose in the basal diet. The diets were fortified with 0.3% Met so that Lys would be the first-limiting AA in the diets (Baker et al., 1981) . Lysine is the AA that would probably be the most sensitive to processing effects (Carpenter, 1973) . The experimental diets were fed from 8 to 18 d of age. Body weight gain, protein efficiency ratio (PER; body weight gain/CP intake) and net protein ratio [NPR; (body weight gain minus body weight gain of chicks fed N-free diet)/CP intake] were calculated for each treatment.
Statistical Analyses
Complete randomized designs were used in all assays (Steel and Torrie, 1980) . Data were subjected to ANOVA procedures using SAS ® (SAS Institute, 1985) . The least significant difference test (SAS Institute, 1985) was used to detect differences among treatment means. Correlations for dryer temperature among systems, time in the dryer, moisture, and lanthionine vs selected in vivo protein quality measurements (i.e., PER and Lys, Met, and Cys digestibility) were assessed using Pierson's linear test (Steel and Torrie, 1980) .
RESULTS
The amino acid and CP content of the six FM and two HH are presented in Table 2 . The average CP for FM and HH was 84 and 87%, respectively, and the FM ranged from 78 to 90%. Concentrations of AA varied substantially among products. For example, the Cys content of the FM varied from 4 to 5.4%, respectively. The HH generally contained higher levels of Lys and Arg and lower levels of Cys than the FM. The lanthionine content of HH was much higher than FM.
With the exception of Met and Cys, the digestibility of AA in FM6 were generally lower (P < 0.05) than the AA in the other FM (Table 3 ). The digestibility of Lys in FM3, FM4, and FM5 was significantly higher (P < 0.05) than FM1 and FM6. Methionine digestibility of the FM averaged 77% and did not differ significantly among FM. Digestibility of Cys in the FM was lowest of all AA (mean = 55%) and was variable, ranging from 47 to 62%. Digestibility of Cys in FM3 and FM4 was significantly higher than in FM1 and FM6. Processing temperature had no significant effect on AA digestibility in FM1 and 2. There were no significant differences (P > 0.05) in true digestibilities of most AA between the two HH, except for Ile, and values were generally lower than those for the FM. a-e Means within a column with no common superscript differ significantly (P < 0.05). 1 Means of three replicates of six chicks each from 8 to 18 d posthatching. Average initial weight was 82 g. 2 PER = protein efficiency ratio = weight gain (grams) divided by protein intake (grams); NPR = net protein ratio = [weight gain (grams) of birds fed test diet minus weight gain (grams) of birds fed the N-free diet] divided by protein intake (grams).
3 Composition (percentage of ppm): cornstarch:dextrose (2:1), 89.23; soybean oil, 5; mineral mix, 5.37; choline chloride, 0.20; vitamin premix, 0.20; a-tocopheryl acetate, 20 ppm; and ethoxyquin, 125 ppm (Willis and Baker, 1980) . 4 Each FM supplied 15% CP and each diet contained 0.3% supplemental DL-Met. The TME n content varied among FM, with FM3 and 4 being significantly higher (P < 0.05) than the other FM. The TME n values for the two HH were similar and much lower (P < 0.05) than those for the FM.
The DM, CP, AA composition, AA digestibility, and TME n of the second sample of FM6 and the WSF are shown in Table 4 . The AA composition varied substantially between samples. The FM6 contained higher levels of CP and essential AA than did the WSF, with the exception of Lys, His, and Met. The Cys content of FM6 was more than threefold higher than WSF. The lanthionine content of FM6 was 1.8 times higher than WSF.
Digestibilities of all AA were higher (P < 0.05) for WSF than for FM6. These differences exceeded 10 percentage units for several AA. The TME n of WSF was 19% higher (P < 0.05) than that of FM6. Although the second FM6 sample contained higher levels of CP and AA than the first one (Table 2) , the digestibilities of all AA except Met and His were similar for the two samples.
Weight gain, feed efficiency, PER, and NPR varied (P < 0.05) among the FM, with FM3 and 5 yielding the highest values and FM1, FM2, and FM4 yielding the lowest values (Table 5 ). Weight gains of chicks fed the HH were generally higher (P < 0.05) than those of chicks fed the FM. The PER and NPR values of the two HH were similar to the highest values for the FM (Samples 3 and 5).
The correlation analyses indicated that TME n values were correlated with Lys and Cys digestibility (r = 0.88 and 0.86, respectively) . No other significant correlations were found.
DISCUSSION
In general, the AA composition data for the FM agreed with those reported by Sibbald (1986) , Han and Parsons (1991) and Papadopoulos et al. (1985) . However, the levels of AA did vary substantially among FM samples, particularly for Cys. Much of the variation in AA for most FM could be explained by differences in CP content. However, some of the latter variation was not related to CP content, suggesting that raw material source or processing conditions may have contributed to the variation. The levels of Cys did not correlate well with CP. Thus, much of the variation in Cys may be associated with processing system or conditions, because it is well known that processing can greatly affect the level of Cys in FM (Papadopoulos et al., 1985; Latshaw, 1990) . Although most of protein in FM and HH is keratin, the AA composition of the two varied considerably for some AA, particularly for Cys, wherein FM contained much higher levels than did HH.
The true AA digestibility and PER assays showed that there were substantial differences in AA digestibility and protein quality among the eight FM evaluated. These results suggested that the different processing systems affected protein or AA quality. However, there was no consistent relationship or significant correlation of cooking or drying time and temperature among systems on PER or AA digestibility. In addition, lanthionine varied greatly among the FM; however, there was no correlation between lanthionine and AA digestibility, as was reported by Han and Parsons (1991) . The latter findings may be largely due to the small number of FM and the widely differing processing conditions evaluated.
The FM AA digestibility values were in general agreement with those reported by Papadopoulos et al. (1985) , Sibbald (1986) , and Han and Parsons (1991) . The low PER values of FM in our study are in general agreement with the values reported by Johnston and Coon (1979) and Han and Parsons (1991) . Although processing conditions within system had little or no effect on AA digestibility or PER of FM 1 and 2 or HH 1 and 2, conclusions on these results are limited or tentative because only one system was evaluated for each. The results suggest that more diverse processing conditions are necessary to elicit major changes in AA digestibility. Although digestibility of AA in HH were lower than in FM, the PER of HH was similar to or slightly higher than that of FM. The latter response was probably due to the higher digestible Lys content per unit of CP for HH, because the diets were formulated to be first limiting in Lys.
The TME n values obtained in our study generally agreed with those reported by Han and Parsons (1991) and Dale (1992) . As discussed earlier for AA digestibility, TME n values varied among FM. The TME n values were highly correlated with Lys and Cys digestibility, indicating that the FM having the highest AA digestibility also had the highest TME n . The lower TME n values for HH compared to FM were probably at least partially due to the lower AA digestibility.
Our results clearly showed that digestibility of AA in the WSF of FM is much higher than that of the waterinsoluble fraction. Because the WSF comprises approximately 20% of the total DM in FM (G. Pearl, Fats and Protein Research Foundation, Inc., Bloomington, IL 61701), the removal of the WSF from FM6 probably accounted for its lower AA digestibility compared with several of the other FM. When considering and excluding the latter source of variation in AA digestibility among the FM evaluated herein, the differences among processing systems were reduced. Thus, although the results of the current study suggest that type of processing system significantly influences FM protein quality, the effects are probably not great.
